INTRODUCTION
============

Stellate ganglion block (SGB) is often facilitated to improve blood flow and reduce pain in the head, neck, and upper extremity because it entails blocking the cervicothoracic sympathetic ganglion, which is the inferior cervical sympathetic ganglion and the first thoracic sympathetic ganglion in fused form \[[@B1],[@B2]\].

Autoregulation of the cerebral blood flow is mediated by metabolic and chemical factors \[[@B3]\]. Although the effect of sympathetic nerve stimulation or block on the cerebral blood flow remains a subject of debate, literature on human studies reports an increased cerebral blood flow after SGB \[[@B4],[@B5]\]. One method of evaluating the adequacy of cerebral blood flow may be executing a neurologic examination on conscious patients. Other means of examination include monitoring of the somatosensory evoked potential, jugular venous oxygen saturation, stump pressure, mesencephalic artery blood flow via transcranial doppler, and cerebral oxygen saturation \[[@B6]\]. The four methods mentioned above require expertise to perform, as well as additional devices, are less feasible to use in routine clinical practice and are costly. On the other hand, measuring the regional cerebral oxygen saturation (rSO~2~) at the frontal lobe of the brain cortex by means of near infrared spectroscopy is a simple, non-invasive method which may reflect the cerebral blood flow \[[@B7],[@B8]\].

In this present study, we compared the regional cerebral oxygen saturations at the stellate ganglion block side (block side) to those of the contralateral side where SGB was not performed (non-block side) to investigate the influence SGB may have on the regional cerebral oxygen saturation.

MATERIALS AND METHODS
=====================

After obtaining an approval from the institutional review board, 30 patients who were scheduled to receive stellate ganglion block at our pain management clinic were recruited between July and September 2009. Written informed consent was obtained from all patients. Inclusion criteria were ages between 20 and 65 years, disease entity in the head, neck, and upper extremity, and ASA PS 1, 2. Patients with the tendency to bleed and who had cerebrovascular disease were excluded from this study.

Patients were positioned supine with a shallow pillow under the shoulder. Regional cerebral oxygen saturation, blood pressure (BP), heart rate (HR) and the tympanic temperature of each ear were obtained 5 minutes after monitoring with a near infrared spectroscopy (INVOS 5100, Somanetics, Troy, USA), a non-invasive blood pressure manometer, an electrocardiogram and a pulse oximeter. SBG was performed with an anterior paratracheal approach at the C6 transverse process level and 1% lidocaine 10 ml was injected.

Regional cerebral oxygen saturation, BP and HR were measured at the baseline and at 5 minute intervals for 20 minutes (5, 10, 15, 20 minutes), and the tympanic temperature was measured twice-before and 20 minutes after the block at both ears. A successful SGB was determined based on the block symptoms and sign such as ptosis, miosis, injection of the sclera and conjunctiva, nasal stiffness, and facial hot flush 15 minutes after SGB.

Statistic analysis was performed using SPSS 15.0 (SPSS Inc., Chicago, IL, USA). Data were shown as mean ± standard deviation. Comparisons of the block side and non-block side at each time point were performed using a paired t-test with Bonferroni post hoc comparisons. Comparisons of the parameters at each time point with the baseline values were analyzed using one way repeated-measures ANOVA and Dunnet\'s test. *P* \< 0.05 was considered statistically significant.

RESULTS
=======

Thirty patients, 7 male and 23 female, with the mean age of 48.3 ± 14.7 years, were enrolled in this study. The block side of SGB was on the right in 10 patients and on the left in 20 patients. Presentation of the patients\' symptoms were facial pain in 9 patients, neck pain in 6, shoulder pain in 4, upper extremity pain in 4, sudden onset sensory neural hearing loss in 3, headache in 3 and toothache in 1 patient. All patients showed symptoms and signs of successful SGB.

Blood pressure before and after SGB was significantly increased at 10, 15 and 20 minutes, and heart rate was significantly increased at 10 and 15 minutes ([Fig. 1](#F1){ref-type="fig"}). The tympanic temperature changes were not significant before and after the block.

Regional cerebral oxygen saturations on the block side and the non-block side were significantly different at 15 and 20 minutes. In comparison to the baseline values, there were significant increases on the block side at 5, 10, 15 and 20 minutes and significant decreases on the non-block side at 15 and 20 minutes ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

Stellate ganglion block is considered successful if resultant symptoms and signs, such as Horner\'s syndrome (ptosis, miosis, sclera and conjunctival injection) and increase of the skin temperature at the ipsilateral side, develop \[[@B9],[@B10]\]. These clinical evaluations are commonly used in clinical practice to distinguish a successful SGB. In recent years, however, more direct and objective means of its evaluation have been developed, which include measuring the changes in the cerebral blood flow using MRI, CT and transcranial Doppler ultrasonography \[[@B11],[@B12]\]. On the other hand, cerebral oxygen saturation monitoring using near infrared spectroscopy has also been introduced as having advantages over the cerebral blood flow monitorings regarding its non-invasiveness and easy feasibility.

Cerebral oxygen saturation monitoring, first introduced by Jobsis, is a new and non-invasive method to continuously monitor and detect regional cerebral oxygen saturation of the frontal lobe of the brain cortex by attaching a sensor on the forehead \[[@B13]\].

The sensor detects and calculates the ratio of oxyhemoglobin to total hemoglobin by using near infrared spectropscopy \[[@B14],[@B15]\]. The cerebral oximeter measures hemoglobin oxygen saturation in the tissues up to the capillary, arteriole and venular level by using optical density, which differentiates it from the pulse oximeter that detects arterial oxygen saturation by obtaining a pulsatile signal of the arterial blood flow.

Cerebral blood from the brain tissue is 75% venous and 25% either arterial or capillary. Near infrared spectroscopy used in this study has 2 sensors that subtract the optical absorption of the superficial areas from the deep areas \[[@B14]-[@B16]\] and are known to show a mean of rSO~2~ of 68 ± 5.6% in normal adults and no difference regarding age and sex \[[@B17]\].

Central venous oxygen saturation (ScvO~2~) linearly reflects cerebral blood flow if the cerebral metabolic rate is constant, and ScvO~2~ can replace jugular bulb venous oxygen saturation (SjO~2~). In previous studies, rSO~2~ is reported to have a good correlation with SjO~2~ \[[@B7],[@B8]\]. One study relates a good correlation between rSO~2~ and SjO~2~ when normal ventilation and hyperventilation were strictly controlled based on the arterial CO~2~ tension in normal adults \[[@B18]\]. Some studies postulated that changes in the cerebral blood flow may have a great influence on rSO~2~ \[[@B19],[@B20]\] because regional cerebral oxygen saturation reflects regional oxygen saturation.

In the present study, the rSO~2~ on the block side increased, which may be considered as reflecting the increased cerebral blood flow after SGB. The decreased rSO~2~ on the non-block side may be explained as a phenomenon of blood shifting from the non-block side to the block side. This phenomenon may be similar to the steal phenomenon, which is the cerebral blood flow moving from the focal stenosed cerebral vessels to the normal cerebral vessels in vasodilatory status \[[@B21]\].

Using local anesthetics to perform SGB may affect the cardiovascular system, causing changes in the BP and HR. There is a case report of severe hypertension after SGB \[[@B22]\]. However, contrasting results also exist, indicating that SGB does not affect the BP or HR \[[@B23]\]. The present study showed that the BP and HR increased without clinical significance. Increased cardiac output due to increased BP and HR affect both the block side and non-block side; therefore, interpretation of the study\'s result, which shows an increased difference in rSO~2~ between the block side and the non-block side, is not confounded by the changes in hemodynamic profile.

Vasodilation after SGB and increased cerebral blood flow may cause a reflux heat exchange between the carotid artery and the jugular vein, potentially leading to brain cooling and decreased tympanic temperature on the block side \[[@B24]\], but this study showed no significant changes to the tympanic temperature of both ears before and after the block.

In conclusion, after SGB, regional cerebral oxygen saturation increased on the ipsilateral block side and decreased on the contralateral non-block side. Decreased rSO~2~ on the non-block side may warrant further investigation.

![Changes in mean blood pressure (mBP; A) and heart rate (HR; B) were assessed for 20 minutes, at 5 minute intervals after completion of stellate ganglion block. The mBP and HR were increased as compared with the baseline values. Data are expressed as mean ± SD. ^\*^*P* \< 0.05 as compared with the baseline values in (A, B).](kjp-23-142-g001){#F1}

![Changes in regional cerebral oxygen saturations (rSO~2~) were assessed for 20 minutes, at 5 minute intervals after completion of stellate ganglion block. The rSO~2~ from the baseline on the block side increases significantly, but on the non-block side decreases slightly. Data are expressed as ± SD. ^\*^*P* \< 0.05 as compared with the baseline values and ^†^*P* \< 0.01 as compared between the block side and non-block side.](kjp-23-142-g002){#F2}
